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: r0001l The present invention relates to a thin-walled aluminum alloy composite material to be used for automotove 
he* exchangers or the like. More particularly, the present invention relates to an alum.num alloy composrte matenal, of 
SeSerXLre. to be made into tubes as refrigerant passages of a heat exchanger formed by braz.ng. The 
orienXen ion also relates to an aluminum alloy to be used as a sacrificial material for the sa.d alummum alloy corn- 
poSte rnSl L Further, the present invention relates to a heat exchanger using the said alum,num alloy composrte 

•o material. 

Background Art 

r00O21 The conventional heat exchanger made of aluminum alloy, as exemplified by the radiator shown in Figs. 1 (A) 

, 5 and 1 B) is constructed as follows. Tubes (1). for refrigerant to pass through, are joined together by f.ns (2) arranged 
beteen them Both ends of the tubes (1) are provided with header p.ates (3). Thus, a core (4) is assembled. After braz- 
ing Shn^^^^^^ plates (3) are provided with resin tanks (5a) and (5b). respectively, with packngs (6 .nterposed 
ieen them The fins (2) are formed from a sheet (about 0.1 mm thick) of JIS 3003 alloy incorporated w.th about 1 .5 
Sof zT For protection from pitting corrosion in contact with refrigerant, the tubes are formed from a braz.ng sheet 

» mi to 03 mm ihick) consisting of a core and an inside (refrigerant side) layer cladding the core. The core ,s formed 
rom J.S 3003 a -oy incorporated with Si, Cu. or the like. The inside layer is formed from 7072 a..^ 
incorporated with Mg). afa sacrificial anode materia.. The header plate (3) is also formed from a brazmg sheet (1.0 to 
1 3 mm thick) of the same material used for the tubes (1). . 
OOoT The brazing sheet undergoes brazing in a hot atmosphere at about 580 to 61 1 0°C. Brazing causes Zn .n the 

25 sacriLl anode material to diffuse into the core, as shown in Figs. 2(A) and 2(B). The Zn-d.ffused layer suffers corro- 
sfon p^efentially so that pitting corrosion that occurs on the surface in contact with refrigerant does not grow deep. 
^1 shallow arS w^de pitting corrosion occurs, and the brazing sheet exhibits good resistance to prttrng corros.on for 
a long period of time. Shallow and wide pitting corrosion (i.e., uniform corrosion) is characteristic of the sacnf.c.al anode 
a. oy of A -Zn-series (with Zn-amount usually being 3 wt% or .ess), A.-Zn-Mg-senes, or Af-Mg-.n-senes. Ow.ng to the 

so Sal difference between the core material and the sacrificial material, the sacrrfical matenal continues to suffer cor- 
^TvtZZrfZ even after the core has been exposed, ft is presumed that the core is protected from cordon ,n 

MOM? Recently, the flow rate of liquid in tubes has been increased, because of thinner plates for weight reduction 
and the requirement of high-performance of heat exchangers. Further, according to cooling water (coolant) for use 
3 5 tu^fareXSni for strongly alka,ine liquid. According to running conditions of automobiles, a large problem^ That 
conventional sacrif icial materials do not produce the effect of conosion protects enough, and tubes are sub,ect to ero- 
sion as well as corrosion, when the function of coolant becomes deteriorated for a carton reason anses. 

A conventional corrosion-resistant brazing sheet for heat exchangers ,s disclosed .n JP-A No He. 9-87788 
"JP-A" means unexamined pub.ished Japanese patent application). The document d.sdoses a sacrrf rcal anode mate- 
40 rial of aluminum alloy containing 6 to 12 wt% of Zn and 0.5 to 3 wt% of Mg. Th,s content of Zn overlaps the Zn content 
n the sacri icia. corrosion-protitive aluminum alloy of the present invention. However, these alummum alloys entirely 
differ in additive elements except for Zn. The aforesaid document mentions the protection agamst corros.on caused by 
sTondy alkaline coolant, but it mentions nothing about the protection against corros,on under a severer s.tuat.on 
causS bytst-flcSng liquid. The composition specified for the sacrificial materia, in the aforesa,d document .s not 
45 ^enSd to propose a sacrif icial material not only to solve the problems of corros.on but also that assocated wrth ero- 
tic] Other sacrificial anode materials are disclosed in JP-A Nos. Hei 9-176768 and ^M0-726^They are 
made of aluminum composite materials superior in alkaline corrosion resistance, wh.ch conta.n 0.1 to 3X> wt% ^of N ^O 5 
t?3 0 wt% of Fe, and also 3.0 wt% or less, or 4.0 wt% or less of Zn. These matenals conta.n less Zn than the matenal 
so of the present invention. In addition, no mention is made about their corrosion protects aga-nst fost -f lowing I^The 
effects of their additive elements, especially the synergistic effects of Fe, Ni, and Zn, are Afferent from the effects of the 
additive elements of the present invention. 

[0007] It is an object of the present invention to provide an aluminum alloy composrte matenal o be used for heat 
exchangers whose tubes are less subject to erosion when their inside is exposed to strongly alkal.ne refngerant and 

" ST" 6 " IHs 'anott^cTof the present invention to provide a corrosion-protective aluminum alloy to be used as 
the sacrificial material for the said aluminum alloy composite material. 

[0009] It is further another object of the present invention to provide a heat exchanger using the sa.d alum.num alloy 
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composite material. 

[001 0] Other and further objects, features, and advantages of the invention will appear more fully from the followina 
description, taken in connection with the accompanying drawings. 

Brief Description of the Drawings 

[0011] 

Figs. 1 (A) and 1 (B) illustrate an example of a radiator. Fig. 1 (A) is a front view and Fig. 1 (B) is an enlarged sectional 
view taken along the line A-A in Fig. 1 (A). 

Figs. 2(A) and 2(B) illustrate an example of the diffusion of Zn of a material for tubes. Fig. 2(A) shows the state 
before brazing, and Fig. 2(B) shows the state after brazing. 

Disclosure of Invention 

ff? 1 21 u. ° rder t0 S ° ,Ve abov ^ mentioned Problems, the present inventors carried out extensive studies which 
led to the present invention. The present invention is directed to an aluminum alloy composite material for heat 
exchangers which is formed by cladding a core material with an epochal sacrificial material. This sacrificial material is 
scarcely subject to erosion when the tube inside of refrigerant side is exposed especially to an alkaline liquid or when 
the function of coolant becomes deteriorated, or even when the liquid flows very fast. 

[0013] That is. according to the present invention, there are provided a sacrificial corrosion-protective aluminum 
alloy for heat exchangers which contains Zn more than 4.0 wt% but 1 5.0 wt% or less, 0. 1 to 3.0 wt% of Fe and 0 2 to 
3.0 wt% of Ni, with the balance being made of aluminum and unavoidable impurities 

[0014] Further, the aluminum alloy composite material for heat exchangers of the present invention is characterized 
by being formed by cladding on one side of an aluminum alloy core material the said sacrificial corrosion-protective alu- 
minum alloy as a sacrificial material and by cladding on the other side of the core material a filler alloy of Al-Si-series 
The alummum alloy core material containing 0.05 to 0.8 wt% of Fe. 0.05 to 2.0 wt% of Mn. and 0 05 to 2 0 wt% of Ni' 
and optionally one or more species selected from the group consisting of 0.05 to 1 .2 wt% of Si. 0.003 to 1 2 wt% of Cu 
0.03 to 0.5 wt% of Mg. 0.03 to 0.3 wt% of Cr. 0.03 to 0.3 wt% of Zr. and 0.03 to 0.3 wt% of Ti, with the balance beinq 
made of aluminum and unavoidable impurities, is effectively. 

[0015] According to the present invention, the heat exchanger is made using the said aluminum alloy composite 
material for heat exchangers. 

[001 6] The present inventors found that it is possible to prevent undesired corrosion and dissolution of the sacrificial 
material and core, effectively, if Zn is indispensably added in a specific amount (more than 4 wt% but 1 5 wt% or less) 
which is different from the Zn-amount known to be a corrosion-protective element of a sacrificial material and Fe (0 i 
to 3 wt%) and Ni (0.2 to 3 wt%) are added enforcedly. Consequently, the sacrificial anode material of the present inven- 
tion is hardly vulnerable to erosion and corrosion, retaining the function of the sacrificial material for a long period of 
time, greatly contributing to corrosion protection, even when the coolant remains strongly alkaline or accordinq to the 
situation of use, the liquid becomes deteriorated and flows very fast. 

[001 7] According to the present invention, the core material has a specific composition to ensure good performance 
under any conditions. The composition is designed to exhibit a better balance between strength and self-corrosion 
resistance as compared with that of conventional alloys. This leads to more effective erosion and corrosion protection. 

Best Mode for Carrying Out the Invention 

[001 8] A more detailed description of the invention follows. 

[001 9] According to the present invention, the sacrificial material is incorporated with specific elements in specif ic 
quantities for reasons explained below. weenie 

(1) Reason for the content of Zn being more than 4 wt% but 1 5 wt% or less 

[0020] When a cooling liquid (coolant) is strongly alkaline (pH about 8 to 1 1). the spontaneous electrochemical 
potential of the sacrificial material tends to become higher than that of the core material, with potential difference 
between the sacrificial material and the core material, for corrosion protection, decreasing. It follows that electrical 
potential of the sacrificial material containing 4 wt% or less of Zn becomes more noble than that of the core material 
greatly decreasing corrosion resistance, if the sacrificial material is used in combination with the core material in indus- 
trial use. or in combination with the core material pertaining to the present invention. Even though electrical potential of 
the sacrificial material is more base than that of the core material, the spontaneous potential of the sacrificial material 
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approaches the pitting potential of the core material, and the sacrificial matenah suffers seH-co roaon .n the form of prt 
«^ faX decreasing Nfe against corrosion accordingly. The above-mentioned documents (JP-A Nos. Hei 9-176768 
andHeMO-7^^^^^ 
SsThusitfsd^ 

^to^ us* a"«^ »ipuid. Incidentally, with the Zn content in excess of 15 matena. 

self decreases in melting point, to such an extent that it could melt at an ordmary brazmg temperature. 

Te orZl intention specifies the amount of Fe and Ni as essential components in the sacrtficia. matena 
Eer to ^prSrwl conosion due to fast-flowing liquid. For these elements to fu..y funct.cn. . ,s .mportan 

ha°t is a?d2 to as an XensaMe element, in an amount of more than 4 wt% but 1 5 wt%or less. The amount of 
Fe and Ni necessary for Zn to produce the synergistic effect is specified for the reason explamed .n (2) below. 
raoSS S« specified above is essentia, for the sacrificial matena. to produce .ts mm.mum required, sac- 
S^Lrro^onSotecre effect in the above-mentioned corrosive environment. A Zn content rangmg from 5.0 wt% to 

O^sSS 2?a Zn content in excess of 4.0 wt% and less than 5.0 wt%. or a Zn content in excess of 

1U S id no moTe t^n 15 wt%, because its corrosion resistance in acid environment becomes more exceHent. 

(2) Reason the Fe content is 0.1 to 3 w»%, and the Ni content is 0.2 to 3 wt%, respectively, in the sacrificia. materia. 
foTonits^^^ 

re^staSand for a long period of time, and for that, it is necessary to add not on.y Zn but also Fe and Ni, as 

SST an A.-Fe-Si-series compound having a partide size of about 1 to 5 M m. Ni forms an A.-(Fe)-Ni-Si- 

, S comS^Tch^he ab^e-meSed compound with Fe part. y rep.aced by Ni, because N, has a character 

roSsi 306 ^Tnex^sed to the above strongly a.ka.ine liquid flowing fast, preferentially dissolution occurs near the 
EcornZdsT * h T same time, the compounds have ability to form a corrosion film in the.r .onrty. Since 
thp^co^unds are uniformly distributed in the sacrificial material, the corrosion films are also uniformly distributed. 
, ^^T^rnTS of these compounds respectively react together wrth the Zn-senes hydrox.de ttms 
formed by Solution in the matrix of the material's texture. The resulting effect is that the f rims become compact, sta- 

high y for corrosion protection mentioned above. According to the present invention, the amount of Mn ,s O05 

to 2 0 wfiTAn amount less than 0.05 wt% is not enough to increase strength, and an amount .n excess of 2.0 vrf% 
^sjTpr^Z^erse effect on workability. The amount of Mn is preferably 0.3 to 1 .5 wt%. more preferab.y 

«, rnoiil 1 2 Trthouah the core material does not originally contain Zn. it comes to contain Zn. Fe. and Ni when its com- 
pSUte^^ 

rrffcial materia, into the core material if the latter contains Fe and Ni enforced.y. Therefore. Zn ntamnM 
confrLSes to corrosion protection against a fast-flowing alkaline liquid as in the case of Zn .ncorporated -nto the sacn- 

55 lo C W2r ter |n an acid environment, corrosion often starts at Fe-series compounds. However. Zn added in an amount 
of as ^aole^y affects balance of corrosion resistance in an acid environment and an alkahne environment. The 
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amount of Fe is preferably 0.2 to 0.75 wt%. more preferably 0.4 to 0.7 wt%. 

[0034] Ni is added to in an amount of 0.05 to 2 wt%. An amount of Ni less than 0.05 wt% is not enough to produce 
the above-mentioned effect. An amount of Ni in excess of 2 wt% adversely affects rolling-ductility. The preferable 
amount of Ni is 0.3 to 1.5 wt%. H 
[0035] An amount of Si less than 0.05 wt% is not enough to contribute to strength. An amount of Si in excess of 1 2 
wt% leads to deep pitting corrosion due to Si in the form of simple substance. Si can be added to in an amount of 0 3 
to 0.9 wt% preferably. 

[0036] Cu can be added to in an amount of 0.003 to 1 .2 wt%. An amount of Cu less than 0.003 wt% is not enough 
to produce the above-mentioned effect. An amount of Cu in excess of 1.2 wt% adversely affects the self-corrosion 
resistance of the core material, a problem of promoting grain bounding corrosion, or might lead to weld cracks durinq 
electric welding. The preferable amount of Cu is 0.005 to 0.05 wt% or 0.4 to 0.8 wt%. in accordance with a condition for 

[0037] Mg combines with Si in the core material to form MgaSi compound which precipitates on aging thereby con- 
tributing to strength. Mg less than 0.03 wt% does not improve strength. Mg in excess of 0.5 wt% diffuses 'upon heating 
for brazing, to the surface in contact with the filler alloy clad on one side of the core material. If a flux is used the diffused 
Mg reacts with the flux, resulting in poor brazing. Preferably, Mg can be added in an amount of 0.08 to 0 25 wt% 
[0038] Cr, Zr, and Ti can be added in an amount of 0.03 to 0.3 wt%. respectively. Therefore, they produce the same 
effect as that of Fe and Ni. With an amount less than 0.03 wt%, they do not produce their effect. With an amount in 
excess of 0.3 wt%, they might cause cracking during solidification by casting. Preferably, Cr, Zr, and Ti can be added in 
an amount of 0.08 to 0.25 wt%, respectively. 

[0039] Other elements than mentioned above may also be added so long as they have no adverse effect on the 
characteristic properties. 

[0040] The core material and sacrificial material may be produced in any manner, such as casting methods of direct 
chill casting, continuous casting (strip caster), or the like. Conditions of homogenizing treatment, hot rolling cold rollina 
process annealing, or the like, are not limited. " ' 

[0041] Examples of the filler alloy used in the present invention include. Al-Si-series alloys specified by J IS 4343 
JIS 4045, and J1S4004. or the like. This filler alloy may be incorporated with Cu. Zn, or other elements so lono as it 
retains its brazability. u 
[0042] The filler alloy may bond to the core material by clad-rolling as specified in the present invention or by spray 
coating or powder coating without any adverse effect on the present invention. 

[0043] The aluminum alloy composite material according to the present invention may be applied to radiator tubes 
and heater tubes as well as radiator header plates and heater header plates They may also be applied enough to any 
other members to be used for the same purpose as intended by the present invention. 

[0044] The aluminum alloy composite material according to the present invention keeps good sacrificial corrosion- 
protective performance not only in alkaline corrosive environments but also in acidic corrosive environments and it is 
excellent in corrosion resistance suppressing pitting corrosion for a long period of time. In addition the sacrificial corro- 
sion-protective aluminum alloy according to the present invention permits the sacrificial material to greatly improve ero- 
sion resistance in an environment which easily brings about erosion. It is apparent from the foregoing that the aluminum 
alloy and aluminum alloy composite material of the present invention solve problems with conventional materials and 
produce a remarkable industrial effect. 



Examples 



[0045] The invention will be described in more detail with reference to the following examples which are not 
intended to restrict the scope of the invention. 

[0046] Twenty eight kinds of alloys, each having the composition shown in Table 1 , for the sacrificial anode material 
and the core material were prepared by die casting. Respectively, after facing of both sides, the ingot for the sacrificial 
material was hot-rolled into a 5-mrn thick sheet. The hot-rolling was started at 500°C. The ingot for the core material 
underwent homogenizing annealing at 520°C for 6 hours. It was finished to a thickness of 40 mm by facing Thus the 
thickness of the sacrificial material clad equals 10% of the total thickness of the composite material 
[0047] The filler alloy was prepared from JIS 4343 alloy by die casting in the same way as the sacrificial material 
After facing, it was hot-rolled into a 5-mm thick sheet. Thus the thickness of the filler alloy clad equals 10% of the total 
thickness of the composite material. 

[0048] The three layers of the filler alloy, the core materia), and the sacrificial material, were placed in this order on 
top of the other. Hot-rolling was started at 500°C. and the three layers were hot-rolled into a 3.5-mm thick three-layer 
clad matenal. The clad material was cold-rolled into a 0.357-mm thick sheet. Cold rolling was followed by process 
annealing at 360°C for 2 hours and finish cold rolling into a 0.25-mm thick sheet. Thus there was obtained samples of 
H14 material made of aluminum alloy composite material. 
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55 header plates, and side plates specified below. 

Hn: corrugated sheet, 0.07 mm thick, made of an a.loy containing A.-0.5 wt% Si-0.2 wt% Cu-1 .0 wt% Mn-2.0 wt% 
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Header plate: 1.2 mm thick. 

Side plate: aluminum alloy composite material composed of a core layer (JIS 3003 + 0.15 wt% Mq) a 10% clad 
layer of fdler alloy (JIS 4343), and a 10% clad layer of sacrificial material (AM .5 wt% Zn). 

f^?' J chan 9^ u " derwent *» toUomng three kinds of corrosion tests. The maximum depth of the pit- 

ting corrosion that had occurred from the side of the sacrificial material was measured. The results are shown in Table 

Conditions of solutions for corrosion tests 

(1) Resistance to circulated acid solution 

Solution: city water + 5 ppm Cu ions + 100 ppm CI ions 

If5, C ^° nS: !f ndl,cted ^ re P eatin 9 cycle test, alternately, for five months, which cycle consist of test 

of for 1 0 hours at 80°C and test of 1 4 hours at room temperature. 

(2) Resistance to circulated alkaline solution 
e^aU-^ 

Solution: A commercial coolant was diluted to 30 vol% of the coolant concentration with city water and the diluted 
coolant was incorporated with 1 ppm Cu ions. 20 ppm Fe ions. 40 ppm sulfate ions, and 10 ppm d ions tS£2E 
tion was f rally adjusted to pH 10.5 with NaOH. and was used as a corrosive solution 

l^nT° nS JfLT S c ° ndUCted ** re P eaHn 0 cycle test, aHernately. for five months, which cycle consist of test 
of for 10 hours at 80°C and test of 14 hours at room temperature. 

(3) Resistance to erosion by alkaline solution 
[0053] 

Solution: A corrosive solution containing 1 ppm Cu ions. 20 ppm Fe ions. 40 ppm sulfate ions, and 1 00 ppm CI ions 
This solution was adjusted to pH 1 1 with NaOH. w ° lons - 

I^™^" 8 "". 7 ? 1 98ar ^ 3 n0Z2 ' 6 ° f 4 mm * in diame1er to W the solution, and the nozzle was placed 10 
mm perpendicularly away from the sample. Test was conducted at a flow rate of 6 m/sec for one month SSc. 
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Composite material 


Mo. IN 


Maximum depth of pitting I* 
corrosion after acidic 
corrosion test (^m) 


Maximum depth of pitting 
corrosion after alkaline 
erosion test (nm) 
55 


i/laximumdepth of pitting 
corrosion after alkaline 
corrosion test (jim) 

50 


Examples of This invention 


1 

2 




50 


50 


55 
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35 


35 


50 
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40 


40 


50 




5 




45 


40 
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— 

40 


40 


45 
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40 


45 


50 
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70 


35 


35 




9 


30 


30 


45 




10 


70 


45 


55 




11 


40 


45 


30 




12 


45 


55 


45 




13 


45 


55 


45 




14 


50 


50 


50 




15 


50 


65 


45 




16 


60 


50 


40 




17 


70 


45 


35 




18 


50 


55 


50 




19 


45 


70 


40 




20 


55 


65 

penetrated 


35 

penetrated 


Comparative Examples 


21 
22 


90 
70 


penetrated 


60 




23 


Clad rolling was impossible due to excess Zn 


n sacrificial material. 




24 


penetrated 


penetrated 


penetrated 




25 


~i 50 


penetrated 


[ 55 




26 


penetrated 


penetrated 


penetrated 


Conventional Example 


27 
28 


Clad rolling was impossible due to excess Cu m core materia. 
—75 t" penetrated | penetrated 



100561 By contrast. It was ^?^?SSrtI was also impossible to mate a composite material 

^ The comparative samples Nos „. 24. an, 26 were poor in cordon resistance » alKaiine season, 
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^^!!^ iCial materialS °° ntain Zn bUt n0t '" n an amount ied in the P resert inv e"tion. and hence a nec- 
essary patent* difference was not produced between the sacrificial material and the core material under aSne nn- 

5 E2L th^ 6 C °5 Pa ? ,fiV ? N ° S - 22 25 6Xhibrted P°° r c^ 05 ™ resistance in the alkaline erosion test 

5 because their sacrificial matenals contain Ni but not in an amount specified in the present invention and henceSJS 
not form a stab.e surface film when exposed to an alkaline corrosrTe solution flJ^S^^ 

Industrial Applicability 

10 E2L Jrl a T inUm a "° y COmposite material of * e P re sent invention retains good corrosion resistance by an 
excellent sacnhcnl corros.on-protect.ve effect that can prevent pitting conosion for a long period of timTrwtSvS an 
acdic environment but also in an alka.ine corrosive environment. In addition, it has a 2^^^^L?2SS 

75 Scfb^imrt^n^^ 35 re ' ated t0 the PreS6nt embodir "ents. it is our intention that the invention 

not be limited by any of the details of the description, unless otherwise specified, but rather be construed broadly within 
its spirit and scope as set out in the accompanying claims. oroaaiy witnin 



Claims 



' wrJoM 1 ?' T^Tf^Tf: a ' U T Um a " 0y ^ h6at exchan 9^ ««* contains 2n more than 4.0 wt% but 1 5.0 
S^urrties 1t ° 30Wt%O ,FS - and0 - 2to30 ^ of ^^theba.ance being made of aluminum and unavoid 

" JSTSSfS lTo < wS.' Pr0teCtiVe a ' UminUm a " 0y 6XChan 9 ers a * in Cairn 1 . wherein the content 

. An aluminum alloy composite material for heat exchangers which is formed by cladding one side of an aluminum 

The aluminum alloy composite material for heat exchangers as claimed in claim 3. wherein the aluminum alloy core 
materia contains 0.05 to 0.8 wt% of Fe. 0.05 to 2.0 wt% of Mn. and 0.05 to 2.0 wt% of Ni. with thTbaLce being 
made of aluminum and unavoidable impurities. TO Dein9 

The aluminum alloy composite material for heat exchangers as claimed in claim 3. wherein the aluminum alloy core 
"^contains 0.05 to 0.8 wt% of Fe. 0.05 to 2.0 wt% of Mn. and 0.05 to 2.0 wt% of Ni. and on^ Zesp^ 
nT^lT n 6 9r0UP C ° nSiSting ° f 005 10 1 2 wl * <* Si - 0003 to 1 -2 wt% of Cu. 0.03 to 0.5 wt% tfMg 0T3 to 

voSfm^^ 

A heat exchanger using the aluminum alloy composite material for heat exchangers as claimed in claim 3. 
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INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/05172 



I A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 6 C22C21/00, B23K35/22 



Searched (classification system followed by classification symbols, 
""incTcT 6 C22C21/00-21/18, B23K35/22 



£E?SiS?J5i— "* Ji«-o sbina. Tore*, Kobe 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indici 

JP 3-124394, A (FuruJcawa Aluminum Co . , 
27'May, 1991 (27,05.91), 
Claims (Family: none) 

JP 54-35B10, A (Mitsubishi Aluminum Co., Ltd.), 
is'March, 1979 (16,03,79), 
Claims (Family: none) 



H Fjr^umcnts^.istedinme^tin u.uonofBoTc: □ Seepat entfamUy^ 
1 — 1 — I^mnt oublished aft 



_L 



• ^^dSglc^^^tfthe artwhich isnot 
^ ^^^.tC^o^ftcr^in^nona.tllin. 

L" otclment Wich may throw |-r " 
cited to establish the publication dale of anouier citation m 
special reason (as specified) 
"O" document referring to an ' 



snt published after the international filing *»tcor 
priority date and not in conflict with » 
underhand the principle or theory underlytng the ">vem» n 
document of particular relevance; the claimed invention cannot 
conXed novel or cannot be considered to involve an mveMv 



-r document ol particular 

considered to involve an inventive ctep wrt :* 

document member of the same patent family 



Date of the ^completion of the irSatiowi^rch 
02 December, 1999 (02.12.99) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Form PCT7ISA/210 (second sheet) (July 1992) 



Date of mailing of the international search report 

14 December, 1999 (14.12.99) 



Authorized officer 
Telephone No. 



12 



